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Purpose: To determine the late morphologic appearance of the carotid artery after 
endarterectomy and to relate the morphologic haracteristics to the development of 
recurrent carotid stenosis and subsequent neurologic symptoms. 
Methods: Eighty-eight carotid reconstructions (51% induded patch angioplasty) in 82 
patients were studied 5 or more years after carotid endarterectomy. Duplex color flow 
imaging was used to determine morphologic characteristics of the carotid endarterectomy 
site and to document the occurrence, time interval, and progression of recurrent internal 
carotid artery stenosis. The spatial orientation of recurrent wall thickening, presence of 
calcium, arterial wall texture, and presence of laminar flow were evaluated. Recurrent 
stenoses were categorized using standard uplex criteria. 
Results: The mean duration of follow-up was 99 months (range, 60 to 138 months). 
Arterial wall calcium was identified in 23% (n = 18), a smooth luminal surface in 57% 
(n = 46), and laminar flow in 52% (n = 42). Recurrent wall thickening developed in 58 
vessels (66%), involving the posterior segment of the vessel in 95%, and anterior, lateral, 
or medial aspects in 24% (n = 14). Restenosis >50% diameter reduction occurred in 4% of 
common carotid arteries (n = 3) and in 15% of internal carotid arteries (n = 13). Ten of 
the internal carotid artery restenoses occurred after a mean of 76 months (range', 13 to 
132 months), and the three remaining patients had asymptomatic o clusions after a mean 
of 61 months (range, I to 96 months). Neurologic events referable to the reconstructed 
carotid artery occurred in three patients at a mean of 77 months; two were a result of 
recurrent carotid disease. One symptomatic patient and two asymptomatic patients 
(3.7%) underwent a second ipsilateral reconstruction for recurrent high-grade stenosis. 
Conclusions: The carotid artery remains mooth, with laminar flow and without calcifica- 
tion, in the majority of reconstructions that were observed over a long term. There is a 
low incidence of subsequent ipsilateral neurologic events or significant recurrent stenosis, 
both of which usually occur late in the postoperative p riod. This study documents the 
long-term durability of carotid endarterectomy in providing risk reduction for stroke. 
(J Vasc Surg 1997;25:850-7.) 
The efficacy of carotid endarterectomy (CEA) for 
carotid stenosis has been well demonstrated. Early 
studies established CEA to be a safe procedure with 
acceptable perioperative morbidity and mortality 
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rates. 1 Subsequent controlled trials established sur- 
gery to be superior to medical management in pre- 
venting stroke in symptomafc and asymptomatic pa- 
tients with significant carotid artery stenosis. 2,3 The 
long-term durability of CEA has been evaluated, but 
most reports have included relatively small patient 
populations observed more than 5 years after sur- 
gery. In addition, these studies have emphasized pa- 
tient outcome parameters. There has been little or no 
investigation regarding anatomic characteristics of 
the endarterectomized arterial segment. 
With the refinement of carotid duplex ultra- 
sonography, detailed anatomic and physiologic data 
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pertaining to the extracranial carotid arteries are 
readily obtainable. Previous studies have compared 
histologic plaque morphologic features from surgical 
specimens with findings on preoperative duplex ex- 
amination with variable results, but morphologic 
changes of the carotid bifurcation late in the fol- 
low-up period have not been evaluated. Duplex scan- 
ning has the advantages of low cost, portability, 
widespread availability, and noninvasiveness. If acor- 
relation can be identified between specific haracter- 
istics of the endarterectomy site and subsequent re- 
stenosis or neurologic sequelae, patients who are at 
risk may be identified before the onset of symptoms. 
The objectives of this study were to evaluate the 
long-term morphologic hanges that occur at the 
carotid bifurcation after CEA using color flow duplex 
ultrasonographic evaluation and to determine the 
incidence of recurrent stenosis and subsequent eu- 
rologic events in a specific population that was more 
than 5 years removed from the initial procedure. In 
addition, attempts were made to correlate the mor- 
phologic characteristics of the endarterectomized 
segment to recurrent stenosis and neurologic symp- 
toms. 
METHODS 
Patients with greater than 5 years of postopera- 
tive follow-up after CEA were eligible for inclusion 
in the study. Between January 1984 and December 
1990, 361 CEAs were performed by the staff of the 
Department of Vascular Surgery at the Medical Col- 
lege of Wisconsin and the Zablocki Veterans Affairs 
Medical Center. All carotid reconstructions were 
performed with the patient under general anesthesia 
using standard vascular surgical techniques and loupe 
magnification. The reconstruction included patch 
angioplasty in 51% of procedures and primary closure 
in the remainder. Intraoperative duplex imaging was 
used to identify any technical defect in the endarter- 
ectomized segment. After surgery, patients were 
given low molecular weight dextran and were ob- 
served in an intensive care unit for 24 hours. Aspirin 
was prescribed after surgery. 
Patients were enrolled in a prospective carotid 
duplex surveillance program, which included uplex 
imaging and spectral wave form analysis at 6 weeks, 3 
months, 6 months, and then annually. All follow-up 
evaluations were performed in an accredited vascular 
laboratory. Patients included in the study cohort 
included all those who survived who were evaluated 
within the 12-month period. 
The study group consisted of 88 carotid recon- 
structions performed in 82 patients. Sixty-eight pa- 
tients were men and 14 were women. Forty-seven of 
these patients were cared for at the Zablocki Veterans 
Affairs Medical Center. Patients included in the study 
cohort volunteered to undergo a detailed follow-up 
duplex examination. Some eligible patients could not 
be included because they were unwilling or unable to 
participate in the study because of physical disability 
or excessive travel distances. The patients' mean age 
was 72.3 years (range, 52 to 88 years). Fifty-one 
percent of patients were active tobacco users, and 
half of them had a > 50 pack-year history of smoking. 
Comorbidities included hypertension i 75% (n = 
57), coronary artery disease in 57% (n = 40), and 
insulin-dependent diabetes mellitus in 12% (n = 9). 
Indications for carotid reconstruction were for tran- 
sient ischemic attacks in 30.7% (n = 27), asymptom- 
atic carotid stenosis in 29.5% (n = 26), amaurosis 
fugax in 21.5% (n = 19), and previous stroke in 
18.2% (n = 16). 
The morphologic haracteristics examined with 
duplex ultrasound included gray scale B-mode imag- 
ing to evaluate spatial orientation of recurrent wall 
thickening, the presence of calcium, arterial wall tex- 
ture, and the presence of an echogenic intraluminal 
"double line" at the endarterectomy site. Duplex 
scans were performed in the anterior posterior plane 
relative to the neck. "Wall thickening" was defined as 
any focal region of visible arterial wall expansion that 
was not associated with a significant change in blood 
flow velocity (i.e., an area without a diameter-reduc- 
ing lesion). Calcification was confirmed by the pres- 
ence of acoustic shadowing. Arterial wall texture was 
characterized asrough if an irregular, coarse surface 
was noted and was characterized as smooth if the 
luminal surface was consistently parallel to the axis of 
t e artery. The blood flow pattern was considered 
disturbed if there was a mosaic pattern on color flow 
imaging and laminar if a pattern was absent. Blood 
flow patterns (laminar vs disturbed) at the endarter- 
ectomy site were evaluated with color flow imaging. 
The degree of recurrent internal carotid artery steno- 
sis, if present, was graded using the standardized 
Doppler-derived velocity spectral analysis criteria 
previously reported. 4 Recurrent stenosis was defined 
as a lesion of the internal carotid artery of >50% 
diameter reduction. The accuracy of this vascular 
laboratory in identifying >50% stenosis of the inter- 
nal carotid artery is 93%. 5 
Patient data were acquired from hospital records 
and from vascular laboratory files. The mean fol- 
low-up was 99 months (range, 60 to 138 months). 
Calculations regarding the rate of restenosis were 
based on the length of time from surgery to the date 
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Fig. 1. Longitudinal B-mode image of circumferential recurrent arterial wall thickening within 
patch segment of proximal internal carotid artery. Irregular, undulating luminal surface is noted 
on anterior and posterior (arrows) surface. 
of the study that first identified acategory ofstenosis. 
The patients' clinical history was reviewed for subse- 
quent neurologic events, including recurrent ran- 
sient ischemic attacks, amaurosis fugax, or stroke. 
The morphologic haracteristics of the endarterec- 
tomy site in symptomatic patients were examined to 
correlate vessel morphologic features to the neuro- 
logic event. 
RESULTS 
Examination of vessel morphologic haracteris- 
tics with B-mode imaging demonstrated recurrent 
plaque in 58 reconstructed segments (66%). In 55 of 
58 segments (95%), the posterior wall of the vessel 
was the site of recurrent plaque formation. New 
plaque was identified on the anterior, lateral, or me- 
dial wall surfaces in i0 arteries (Figs. 1 and 2). Arte- 
rial wall calcium was identified by echo shadowing in 
18 vessels (23%) and was always found in conjunc- 
tion with recurrent plaque. A smooth luminal surface 
was documented at the endarterectomy site in 46 
vessels (57%), and laminar flow was noted in 42 
arteries (52%). An echogenic double line was seen 
along the luminal surface in 29 of 78 studies (37%) 
that had adequate images to evaluate (Fig. 3). 
During the follow-up period, restenosis devel- 
oped in 13 endarterectomized s gments (15%). Nine 
of the recurrent stenoses were 50% to 75% diameter- 
reducing lesions and occurred at a mean time of 86 
months (range, 13 to 132 months; Fig. 4). The 
stenosis in six of the nine arterial segments that had 
recurrent disease could be characterized for this 
study (the other three underwent redo operations for 
50% to 75% restcnoses); no correlation could be 
made between vessel morphologic features and reste- 
nosis with the exception that all exhibited isturbed 
flow at the endarterectomy site. 
One stenosis progressed to >75% diameter e- 
duction at I33 months. Duplex imaging of this le- 
sion revealed a smooth, calcified, posterior plaque 
with disturbed flow. Asymptomatic occlusions devel- 
oped in three other patients at 1 month, 86 months, 
and 96 months (Fig. 4). The occlusion that occurred 
at 1 month was considered to be a result of a techni- 
cal problem with the carotid reconstruction. The 
patient whose artery occluded at 96 months had 
normal results on a duplex scan 1 year before detec- 
tion of an asymptomatic o clusion. The third patient 
had a normal study 45 months after surgery. The 
patient was lost to follow-up until contacted to re- 
turn for this study. He was noted to have had an 
asymptomatic occlusion, which occurred at an un- 
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Fig. 2. Transverse B-mode image of recurrent circumferential wall thickening. Calcification is 
present in posterior aspect of artery. 
Fig. 3. Longitudinal B-mode image of normal reconstructed artery demonstrates chogenic 
double line. 
known time in the 43-month interval that the patient 
was not observed. 
Three patients (3.7%) had ipsilateral neurologic 
symptoms in the follow-up period. The mean time to 
those events was 77 months (31, 68, and 133 
months). Two patients had amaurosis fugax and one 
had a thromboembolic stroke. The patient who had 
the thromboembolic stroke had an essentially normal 
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Fig. 4. Mean time interval from operation to maximum recurrent stenosis. 
artery seen on duplex scan, with no demonstrable 
lesion, a peak systolic velocity of 88 cm/sec with 
little spectral broadening, a smooth luminal surface, 
and laminar flow. A computed tomographic scan of 
the patient's head revealed an infarct in the distribu- 
tion of the middle cerebral artery, and at the time of 
the event the patient's heart was in normal sinus 
rhythm. An echocardiogram demonstrated diffuse 
ventricular hypokinesis but no thrombus and normal 
sinus rhythm. Both patients who had amaurosis fu- 
gax had 50% to 75% diameter-reducing stenoses with 
calcified, posterior lesions. One had an irregular lu- 
minal surface, but both exhibited isturbed flow in 
the proximal internal carotid artery. 
Repeat carotid reconstruction for recurrent ca- 
rotid stenosis was performed on three patients in this 
series (4%). One patient had amaurosis fugax (above) 
31 months after surgery, and the other two under- 
went reoperation at 37 and 42 months for asymp- 
tomatic 50% to 75% recurrent lesions that had been 
identified on routine surveillance. Morphologic data 
pertaining to these arteries do not exist because the 
redo procedures were performed before the initiation 
of this study. The second patient who had amaurosis 
fugax did not undergo arepeat reconstruction proce- 
dure because of prohibitive operative risk from coex- 
istent disease. 
DISCUSSION 
CEA has been subjected to some of the most 
thorough study and rigorous review of any vascular 
surgical procedure. Most series report follow-up pe- 
riods shorter than 5 years, with only asmall cohort of 
patients having been observed for extended periods 
of time. It is now time to evaluate the long-term 
benefits of this procedure. The incidence of neuro- 
logic symptoms as well as the rate of recurrent steno- 
sis at the operative repair in a series observed greater 
than 5 years is necessary. 
Attempts have been made to correlate ultrasonic 
characteristics of carotid plaque to histologic find- 
ings, with variable results. Lesion characteristics such 
as ulceration, intraplaque hemorrhage, and wall 
thickness can be identified with varying degrees of 
sensitivity and specificity. 6 s In this series, arterial wall 
thickening at the carotid bifurcation was noted in 
two thirds of patients, although aclinically significant 
stenosis or occlusion developed in only 15%. The 
spatial orientation of the thickening was almost uni- 
versally located along the posterior aspect of the 
reconstructed segment. The distribution of these 
changes may be a result of the hemodynamic envi- 
ronment within the reconstructed bifurcation. In 
classic studies by Zarins et al., 9 maximum intimal 
thicl~ncss within the carotid bifurcation occurred op- 
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posite the flow divider in regions associated with flow 
separation, flow reversal, and lowest shear stress. 
In Zarins' hydrogen bubble model, complex (he~ 
lical) flow could be demonstrated along the wall 
adjacent to the flow divider. This appeared to corre- 
late with areas of decreased sheer stress but also was 
the site of turbulent flow. Color flow duplex scan- 
ning of the carotid bifurcation imaged in real time 
confirms the presence of the helical flo,Sv through the 
bifurcation and documents disordered flow in the 
same areas identified by Zarins as the most common 
site of lesion formation. Color-coded velocity pro- 
files document flow reversal along the posterior and 
lateral walls of the bifurcation. The physiologic pa- 
rameter (velocity) that can now be mapped with 
duplex technology correlates very closely with the 
theoretic flow patterns presented with the hydrogen 
bubble models nearly two decades ago. 
A recent report by Caps et al. ~° identified with 
duplex ultrasound two echodense lines separated by 
an echolucent zone in normal arteries and in carotid 
arteries not associated with early restenosis after 
CEA. They concluded that arteries that re-form the 
double line after CEA are less likely to develop re- 
stenotic lesions, that the double line may represent a 
marker for arterial healing, and that it may be protec- 
tive in terms of development ofmyointimal hyperpla- 
sia. In this series, an echogenic double line was noted 
along the intimal surface in 29 of 78 patients. No 
recurrent wall thickening was noted in any recon- 
struction that demonstrated the presence of the dou- 
ble line. 
The incidence ofrestenosis n this series was 15%, 
including the three occlusions. This result is consis- 
tent with those of other studies, which report reste- 
nosis rates between 4% and 19%. 1>1~ The timing of 
restenosis documented in this study is noteworthy. 
The mean time for the stenoses to reach >50% diam- 
eter reduction was 70 months, with all but three of 
the lesions occurring after 2 years. Most other studies 
report restenosis rates in terms of mean follow-up 
periods of 5 years or less. 11-13,1s,16A8 The mecha- 
nisms responsible for carotid restenosis are dynamic 
and continue to influence the artery many years after 
the original procedure. The fact that the reconstruc- 
tion can remain normal for prolonged periods and 
then proceed to develop a hemodynamically signifi- 
cant recurrent stenosis supports the idea that the 
surgical site continues to be effected by biologic 
variables, including fibrointimal hyperplasia nd re- 
current atherosclerosis. That delayed recurrent le- 
sions can develop in a vessel that has been normal for 
several years makes ongoing carotid surveillance nec- 
essary if adverse neurologic sequelae are to be 
avoided. The low incidence of  recurrent stenosis 
raises questions about the cost-effectiveness of this 
approach, i 
The incidence of recurrent ipsilateral neurologic 
symptoms in this cohort was 3.7% overall, and 2.4% 
when the patient who had the thromboembolic 
stroke that was not attributed to carotid disease was 
excluded. The neurologic events occurred late in the 
follow-up period, with the earliest symptom reported 
31 months after surgery. This corroborates results of 
other reports that demonstrate subsequent ipsilateral 
neurologic events after CEA occur but are uncom- 
mon.12, ls
The above data must be considered in the context 
of the patient population from which they are ob- 
tained. Admittedly, this is a nonconsecutive s ries of 
patients who are physically able to keep clinic ap- 
pointments or travel to have a carotid study per- 
formed. Because of the large number of patients who 
were lost to follow-up, we cannot accurately deter- 
mine the incidence of subsequent restenosis and neu- 
rologic events that occurred in the follow-up period 
The results of  this study corroborate the findings 
of other investigators n,~3,16-18 that CEA is a durable 
procedure. However, no correlation could be made 
between vessel morphologic features and restenosis 
or subsequent eurologic symptoms. The restenoses 
identified in this group most likely represent recur- 
rent atherosclerotic disease and have had a generally 
benign course. Only two of 82 patients with a mean 
follow-up period of 99 months experienced symp- 
toms that were referable to the ipsilateral carotid 
bifurcation. 
This study demonstrated a high incidence of 
morphologic hanges in the CEA segment. By and 
large, these changes were benign, with few stenoses 
progressing to occlusion or becoming symptomatic. 
These data attest o the long-term durability of CEA. 
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DISCUSSION 
Dr. William H. Baker (Maywood, Ill.). First, I would 
like to note this is a morphologic study. It is an excellent 
morphologic study, and although you and I may argue 
about the interpretation of the morphologic features, I 
cannot argue nor can anybody else about this very nice 
technically performed study. The findings are a matter of 
fact. This is not an incidence study. After all, you operated 
on 361 patients and only followed-up 88. This is not a 
study of total recurrent carotid population because you 
restricted your group to those who were followed-up 5 
years after carotid endarterectomy. Thus, by definition, it is 
a study of post-carotid endarterectomy atherosclerosis 
having eliminated intimal medial hyperplasia. But that it 
makes it perhaps even more interesting. You studied these 
patients with duplex scans in the operating room, at 3 
months, at 6 months, at 12 months, and then yearly. Were 
there any particular findings that progressed along the way? 
That is, could we predict at 3 months or perhaps 6 months 
which patients were going to develop some problems further 
down the road? What characteristics should we look for? 
I find it very interesting that you brought up the 
double line that was mentioned by Caps et al. In this 
University of Washington study, they followed-up their 
patients for a relativcly short period of time, less than 2 
years, if I am not mistaken. That you found a variety of 
patients who had the double line and had no thickening 
more than 5 years after carotid endarterectomy suggests 
there may be a continuum inthe intimal medial hyperplasia 
and late atherosclerosis. Perhaps you could comment on 
this hypothesis. 
Half of your patients had patches, half did not. I 
wonder whether there is any difference in the morphologic 
features of those patients with and without patches. As 
undoubtedly you are well aware, Dr. Bandyk and his group 
from Tampa have recently reported that those patients 
who had patches and those patients who had larger arteries 
had deposition ofthrombin-like material posteriorly. Isn't 
it interesting that the atherosclerosis that you noted in your 
patients also occurred posteriorly? 
Lastly, particularly in the paper, you tried to blame the 
flow characteristics at the carotid bifurcation for many of 
the observed changes. I may remind you that the flow 
characteristics at the junior author's carotid bifurcation are 
not a lot different than those at the senior author's bifurca- 
tion. Yet by virtue of age, one of you is more apt to get 
carotid atherosclerosis than the other. 
Dr. Douglas A. Coe. As far as the question regarding 
the findings that occur over periods of time, there was 
really no correlation i  terms of calcification or the luminal 
surface characteristics that could be identified over periods 
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of time from which we could really draw any conclusions. 
With the exception of the double line, it did seem to fall 
out as one characteristic that did seem to be consistent 
through the paper in that if there was a double line there 
there was no recurrent stenosis. As far as with the patch or 
no patch, I did not break down to that degree. Early on I 
gathered information on the size of the patch segment, and 
there was relatively little variability in that, but as far as 
which patch, if a patch segment was less likely to get a 
recurrent lesion, I did not break that down. I agree with 
you on the double line comments that you make. There 
may be a continuum there. 
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